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Abstract 
The purpose of this study is to find the key factors of the amount of outstanding balances among revolving credit card users 
in Chinese credit card market. A Heckman procedure is used to analyze a dataset of a bank in China. The small amount of 
revolver coursing imbalanced problem, and we try to use the rebalanced method in machine learning domain to deal with 
the problem. Results show there are differences in the determinants of being a revolver and the amount of the outstanding 
balance. Age, housing condition, industry, and average cash advance amount per time, etc. are significant related to the 
outstanding credit card balance. 
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1. Introduction 
A credit card is both a payment tool and a convenient source of credit (Garman & Forgue, 1997).  All major 
credit card issuers, to a greater or lesser extent, are holding a portfolio consisting of three types of credit card 
holder: (i) non-active card holders; (ii) non-interest paying active card holders ; and (iii) interest paying active 
card holders (Hamilton & Khan, 2001). When credit card holders have an outstanding credit card balance after 
the last monthly payment, they are known as revolving credit card users, namely revolvers (Bird, Hagstrom & 
Wild, 1997). According to the Survey of Consumer Finances (SCF), in 1998 more than two-thirds of U.S. 
households had a bank-type credit card, compared to only 43 percent in the 1983 Survey (Bertaut & Haliassos, 
2002). Credit card holding has increased steadily over the past 20 years. Over time, the number of credit card 
revolvers and the amount of outstanding credit card debt has increased (Kim & DeVaney, 2001). Chinese banks 
have recognized that credit card is profitable and with brilliant prospect, and many resources had injected since 
2002. Up to the end of November 2011, the financial institutions had issued 285 millions credit cards (Jiang, 
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2012). However, Chinese credit card market is still in its infancy and Chinese are restricted by their 
consumption conception. As a McKinsey’s survey report, most Chinese people use credit cards as a convenient 
way to make purchases (or accumulate points toward a small gift), not as a credit facility (Atsmon et al., 2011). 
Unlike US mature credit card market, their revolving interests account for about 70% of card revenue in 2001 
(Zhao et al, 2009), there are only about 14% revolving credit card users in Chinese credit card market (Cui, 
2009) and they contribute about 47% profits (Wang, 2010). Fewer revolvers are one of the characteristics of 
Chinese infancy credit card market. 
Thus, to study the problem of revolvers in Chinese credit card market makes sense to card issuers. Much of 
the previous research addressing the determinants of credit card use examines revolving behavior by dividing 
the sample between those holding a balance and those with no balance on their credit cards (Bei, 1993; Canner, 
1988; Steidle, 1994). However, credit card balances vary from $1 to more than $100,000, so it is more 
appropriate to estimate the amount of outstanding balances on credit cards (Kim & DeVaney, 2001).    
However, little research has been conducted in China, where the traditional consumption value is ‘‘save 
first and spend later’’. Based on Bryant's exposition of consumption and borrowing (1990, pp. 78-114) and the 
life cycle theory (Ando & Modigliani, 1963), then consider the characteristics of Chinese infancy credit card 
market. Using the data set obtained from a bank in China, we attempt to find the results of the two problems 
proposed by (Kim & DeVaney, 2001):  1) to examine the patterns of Chinese credit card use (transactors versus 
revolver), and 2) to identify the factors affecting the amount of the outstanding credit card balance among 
Chinese revolvers, and do comparison between the two markets. We find there is imbalance problem in dataset 
which courses bad results. Thus, we use undersampling to solve the problem. The results should contribute to 
our understanding of Chinese credit card use and provide educators with information to assist Chinese 
consumers. Further, policy makers can use the information to evaluate current regulations in the Chinese credit 
card market. 
2. Credit card in China 
Since 1985 China issued the first credit card, the Chinese credit card industry has experienced arduous 
development. At the end of 2011, people only hold 0.21 cards on average in China, even Beijing, Shanghai are 
less than 2 cards (Jiang, 2012). However, Americans hold 4.39 cards on average in 2009 (Lin, 2010). It appears 
that Chinese credit card market is in its infancy. According to MasterCard, they expect that the total number of 
credit cards in circulation in China in the next 15 years would increase at an average annual rate of 11%, with 
the total number of cards reaching 1.1 billion in 2025 (i.e. 0.75 cards a person) and the total amount of credit 
card spending to increase at an average annual rate of 14% reaching US$2.5 trillion by 2025 (MasterCard 2010 
Forum). Thus China has great market potential. Central bank statistics show there are more than 30% overall 
retail sales of social consumption products are paid by card, Beijing and Shanghai, moreover, are 50% (Cui, 
2009). 
Table 1.Comparison between Chinese credit card market and mature markets 
Indicators Chinese market Mature markets 
The rate of credit card consumption 3% 30%~50% 
Merchant rate 4% 100%(US), 87%(Korea) 
The per capita rate (bank card) 0.615 4.8 
Charge times in very three months 1.72 28.5(US), 10.8(Korea) 
 
However, Chinese have an ingrained cultural reluctance to borrow, even for large expenses such as cars, 
property, and education (Atsmon et al., 2011). The card consumption amount is far less than Unite Stated. The 
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merchants have not recognized the advantage of the credit card. Chinese credit card market, therefore, is still in 
its infancy and has many problems. Table 1 is the comparison between China and mature markets (Yang, 2010). 
The above factors with the spirited competition made the main contributes of the credit card annual - annual 
fees, interest, interchange fees merchant discounts – unreasonable. More than 50% are revolvers in mature 
market, and the interests obtained from the revolvers are accounted for about 75% of revenue for the issuer in 
US (Durkin, 2000). But there are only 14% revolvers in Chinese credit card market, the interests are limited. 
The market showed an upward turn in recent years. For income of Chinese credit card market, the interests 
increased to 47% in 2009 from 22% in 2003, while US is about 70% in 2005 (Zhao et al., 2009). In many 
respects, therefore, the interests contributed by revolvers still remain at rising, but not enough. 
3. Literature Review 
Why would a revolver arise? Ando and Modigliani’s life cycle model assumes that consumers try to 
maximize utility from lifetime consumption. The model implies that rather than having consumption each year 
be related to that year’s income, consumers even out their household income stream over their lifetime through 
borrowing or saving. Consumption needs can be changed by household demographic characteristics such as 
age, household size, and marital status (Kim & DeVaney, 2001). Bryant (1990, p. 80) offers a detailed 
explanation to show that borrowing is the transfer of future resources to the present to increase current 
consumption. Under a budget constraint, consumers make borrowing decisions to maximize utility.  
The research about revolver can be roughly divided into three groups: 1) studying who are revolvers and 
those who are not (Johnson, 2004; Keen, 1998; Lee & Hogarth, 1998; Steiddle, 1994;); 2) the behavior of 
revolver (Hamilton and Khan, 2001; Lee and Kwon, 2002; Hsieh, 2004; Reynolds et al., 2006); 3) the amount 
of outstanding balance among revolvers (Chakravorti and Emmons, 2003; Durkin, 2000; Kim & Devaney, 
2001; Yoo,1998; Zhu and Meeks 1994).  
Zhu and Meeks (1994) focused on low-income households using the data from the 1983 and 1986 Survey of 
Consumer Finances. They found significant determinants of the amount of credit outstanding in 1986 were 
household head’s employment status and age, credit balance in 1983, and two interaction variables: specific 
attitude toward credit with head’s educational level and with debt balance in 1983. Yoo (1998) used the data 
form Survey of Consumer Finances to report descriptive statistics of credit card debt between 1992 and 1995. 
Durkin (2000) analyzed the credit card outstanding issue (use and consumer attitudes) from 1970-2000. Kim 
(2001) used the data from the 1998 Survey of Consumer Finances to analyze the determinants of outstanding 
balances among credit card revolvers.  
Carow and Staten (1999) found consumers are more likely to use cash when they have less education, lower 
incomes, are middle-aged, and own fewer credit cards. Stavins (2000) also used the indicators, such as: age, 
income, married status, residential situation, and education, to estimate if a credit card holder will be delinquent. 
Hamiltion and Khan (2002) found that the card holder’s behavior, i.e. cash advances, minimum payment due, 
interest paid in previous periods, will discriminate a card holder to be revolver or not. Adapting the life cycle 
model and Bryant’s exposition to credit card use produces the following proposition.  
Taking all the factors considered in the studies of the amount of outstanding balance among revolvers and 
with the consumer behavior theory and Chinese characteristics are also considered.  Credit card payment 
behavior and the outstanding credit card balance are affected by: consumption needs (age, marital status, 
housing condition, support population), current resources and future resources (income, education, industry, 
credit limit) and behavior (average repayment amount, average consumption amount, average cash advance 
amount, delinquent times). 
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4. Hypotheses 
Based on the theoretical framework and previous research and the Chinese characteristics, several 
hypotheses are formulated. 
Consumption Needs Cardholders who are younger and married are hypothesized to be more likely to be 
revolvers and to have a larger outstanding credit card balance than cardholders by those who are older and 
those who are not married. Cardholders who have more pressure on house and more population to support are 
hypothesized to be more likely to be revolvers and to have a larger outstanding credit card balance than 
cardholders by those who have less pressure on house and less people to support. 
Resources Education is expected to have a positive effect on the likelihood of being a revolver and the 
amount of the outstanding credit card balance based on theoretical framework. Cardholder with less income is 
expected to be more likely to be a revolver and to have a larger outstanding credit card balance. Cardholders 
who work in government agency and state run company are less likely to be revolvers and have smaller 
outstanding credit card balance. The credit limit is hypothesized to have a positive effect on the likelihood of 
being a revolver and the amount of the outstanding credit card balance. 
Behavior   It is hypothesized that there will be a negative relationship between the average repayment 
amount and being a revolving credit card user and the amount of the outstanding credit card balance. The 
average consumption amount and average cash advance amount are hypothesized to have a positive effect on 
the likelihood of being a revolver and the amount of the outstanding credit card balance. It is hypothesized that 
there will be a positive relationship between the delinquent times and being a revolving credit card user and the 
amount of the outstanding credit card balance. 
5. Methodology 
Heckman procedure appeared in the literature as a simpler alternative to maximum likelihood methods to 
estimate the parameters of a model of selection. This model includes a second equation, called the selection 
equation, besides the one to be estimated, which determines whether an observation makes into the sample, 
causing the sample to be non-random. To avoid bias, the estimation must take into account the phenomenon of 
sample selection. (Hoffmann & Kassouf, 2005) 
Consider the following equation, which causes sample selection. 
                                      *i i iL z uJ c                                                 (1) 
where *iL  is the difference between the credit card issuer offered to an cardholder i , and his outstanding 
balance, and iz  is a vector of variables that affects 
*
iL .  
  The variable *iL  is not observed, but we observe if the cardholder is a revolver or not, in the way that: 
                                1iL      if    * 0iL !  
                                0iL      if    * 0iL d  
Let iW  represent the natural logarithm of the outstanding balances of each cardholder, assuming that: 
                                    i i iW xE Hc                                               (2) 
where ix  is the vector of variables determining outstanding balances. 
Assuming that iu  and iH  have a bivariate normal distribution with zero means, standard deviation uV  and 
HV  and correlation U , and that iL  and iz  are observed for a random sample of cardholders, but iW  is 
observed only when 1iL  , i.e, when the cardholder is revolver, then 
      *( | 1) ( | 0) ( | )i i i i i i iE W L E W L E W u zJ c  !  !   
                       ( | ) ( )i i i i i i ux E u z x HE H J E UV O Dc c c  !                        (3) 
Where 
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c   c) )  )                          (4) 
and I  and )  are respectively, the normal density function and the normal distribution function. The function 
( )i uO D  is called the inverse of Mill’s ratio. 
   Due to the correlation between ix  and ( )i uO D , a least squares regression of iW on ix , omitting the term 
in ( )i uO D , would produce an inconsistent estimator of E . If the expected value of the error was known, it 
could be included in the regression as an extra explanatory variable, removing that part of the error correlated 
with the explanatory variables and avoiding inconsistency. 
   The Heckman’s procedure, in its first stage, consists of estimating the expected value of the error and, in its 
second stage, using it as an extra variable in the regression equation. In other words, using a probit model, 
parameters J  of the L  equation are estimated by maximum likelihood. Having the estimates of J , Oˆ is 
obtained for each observation and used as an exogenous variable in the W equation, allowing the parameters 
E to be consistently estimated by least squares in the regression of W on x and Oˆ . 
  Considering that H OUV E  we obtain, from equation (3), that the conditional expected value of iW is, 
                          *( | 0) ( )i i i i uE W L x OE E O Dc!                                       (5) 
Above all, there are two steps in the Heckman method. The first step is the development of a selection 
equation (i.e. a model of factors associated with survey non-response). This step includes derivation of a 
variable from the selection equation called the Inverse Mills Ratio (IMR). The second step of the Heckman 
method is the insertion of the IMR variable into the initial regression models (e.g. those not accounting for 
potential bias due to missing surveys) from a given study in order to assess for, and attempt to control for, 
selection bias. (Sales et al. 2004) 
In our study, almost half of the sample used credit cards solely as a convenient means of paying for goods 
and services, and therefore had zero credit card balances carried over.  An Ordinary Least Squares (OLS) 
regression analysis of the amount of outstanding credit card balance that included all of the households with 
credit cards would be biased because of sample selection bias (Maddala, 1983). If sample selection bias is not 
considered in the equation for outstanding balance, there will be an omitted variable specification. To correct 
the sample selection bias of the OLS regression on the outstanding balance on the explanatory variables, the 
Heckman procedure was employed in this study (Maddala, 1983).
 
6. Data and variables 
A bank in the city of western China provide the data set used in this study. This bank has issued about 
33,000 credit cards, and about 3000 users are revolvers. About 20% credit card data (6,083 samples) are used in 
this study. Our sample includes information from credit applications and monthly statements from November 
2010 through January 2012. Among the samples, 586 card holders with an outstanding credit card balance. 
Two dependent variables were used for the Heckman two-step procedure. In the first step, the dependent 
variable is equal to 1 if the cardholder has an outstanding credit card balance (revolver) and is equal to 0 if 
otherwise. In the second step, the dependent variable is the average amount of credit card debt remaining after 
the last monthly payment in the 15 months. 
The three groups of independent variables are consumption needs, resources and behavior. Consumption 
needs included age, marital status and support population. As Kim & DeVaney (2001), age and age squared are 
included to measure if there is a possible curvilinear effect on outstanding credit card balances in Chinese credit 
card market. Marital status is coded as married and non-married. Resource variables included income, 
education, housing condition and credit limit. All the variables are continuous variables. Income was placed 
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with their natural logarithms to reduce heteroskedasticity (unequal variance of the residuals). Housing 
condition is the money one should pay on their house. Behavior factors included average cash advance amount, 
average consumption amount and average repayment amount. The measurement of variables is presented in 
Table 2. 
Table 2.Measurement of Variables 
Variable Measurement 
Dependent variables  
Using of credit card 1 if an outstanding credit card balance,0 0therwise 
The amount of outstanding credit card balance Continuous 
Independent variables  
Sexual distinction 1 if male, 0 otherwise 
Age Continuous 
Age squared Continuous 
Marital status 1 if married, 0 otherwise  
Housing condition 1 if one has no debt on house, 2 if do not need to pay on the 
house, but the house is not belong to the cardholder, 3 if one 
has to pay on the house 
Support population Continuous 
Ln (Income) Continuous, log(1+total income) 
Education The levels of education attained by cardholder  
Industry 1 if government agency, 2 if state run company, 3 if others 
Credit limit continuous 
Ln (average repayment amount) Continuous, log(1+ average repayment amount) 
Ln (average consumption amount) Continuous, log(1+ average consumption amount) 
Ln (average cash advance amount) Continuous, log(1+ average cash advance amount) 
Delinquent times Continuous 
 
We present summary statistics of these variables in Table 3. Among credit card users, 56.53% are male and 
70.68% are married. Meanwhile, about 51.88% credit card users have bachelor degree or above. The average 
repayment amount per month is CNY 1,889.46. The average consumption amount per time is CNY 1,740.94. 
The average cash advance amount per time is CNY 920.81. 
7. Results 
We use the 6,083 samples to find the relationships between the dependent variables and independent 
variables. The results are not half satisfactory, because most of the variables are not statistically significant. 
However, the research about the determinants of using credit card usually including demographics such as: age, 
education etc. (Zhu and Meeks, 1994; Kim and DeVaney, 2001; Wang and Ren, 2004). This result, therefore, 
may have little significance for us. We try to use the undersampling method in machine learning to rebalance 
the data.  
  At the data level, the objective is to re-balance the class distribution by resampling the data space, including 
oversampling instances of the small class and undersampling instances of the prevalent class. We use the 
undersampling to rebalance the data. Then we obtain 1095 credit card users, and 589 are revolvers.  
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Table 3.Descriptive Statistics of credit cardholders 
Variable Mean (SD) or % 
Credit card use  
Convenience user 90.37% 
Revolver 9.63% 
Amount of outstanding credit card balance 6085.50 (7489.29) 
Sexual distinction  
Male 56.53% 
Female 43.47% 
Age 39.11 (8.97) 
Marital status  
Married 70.68% 
Not married 29.32% 
Housing condition  
1 (Has no debt on house) 59.91% 
2 (Do not need to pay on the house, but the house is not 
belong to the cardholder) 
12.69% 
3 (Has to pay on the house) 27.4% 
Support population 0.57 (0.78) 
Income 6,510 (8,693) 
Education  
1 (Junior middle school and below) 1% 
2 (Senior middle school) 10.96% 
3 (College) 36.16% 
4 (Bachelor) 41.10% 
5 (Master) 8.31% 
6 (Doctor) 2.47% 
Industry  
1 (Government agency) 39.36% 
2 (State run company) 14.52% 
3 (Others) 46.12% 
Credit limit 23,894.66 (28883.31) 
Average repayment amount per month 1,889.46 (3732.86) 
Average consumption amount per time 1,740.94 (3529.10) 
Average cash advance amount per time 920.81 (3015.19) 
Delinquent times 0.04 (0.23) 
7.1. Probit analysis for revolver 
The results of the probit analysis were obtained to provide the inverse Mill's ratio for the second stage 
analysis (Table 4).  As hypothesized, age is also curvilinearly related to the likelihood of being a revolving 
credit card user. However, this is just contrary with the results in US. In China, younger credit card user is more 
likely to be a revolver. This might be that credit card market is still in its infancy; meanwhile younger people 
are more likely to study and accept new conceptions and things. Moreover, younger people may have worse 
financial problems than older people. In common with US, cardholder with lower income is more likely to be a 
revolver. Marital status, education, industry and housing condition have no statistically significant influence on 
weather a card user is a revolver.  
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There are statistically significant explanatory variables related to Behavior. The average repayment amount 
is positively related to the likelihood of being a revolving credit card user, while average consumption amount 
per time and average cash advance amount per time are negatively related to the likelihood of being a revolving 
credit card user.  
Table 4.The Heckman Selection Model: Probit Analysis for Revolver (N=1095) 
Variable Coefficient P 
Sexual distinction 0.0684995 0.689 
Age -0.216384 0.004 
Age squared 0.0028 0.007 
Marital status 0.1161 0.512 
Housing condition -0.1164 0.222 
Support population 0.1751 0.155 
Ln(Income) -0.0171 0.091 
Education -0.1434 0.176 
Industry 0.1231 0.210 
Credit limit -0.000032 0.000 
Ln(average repayment amount) 2.1526 0.000 
Ln(average consumption amount)  -0.5210 0.000 
Ln(average cash advance amount)  -0.0548 0.056 
Delinquent times -0.2769 0.442 
7.2.Selectivity corrected OLS for the outstanding credit balance 
 The second step of Heckman procedure is corrected for sample selection bias. The inverse of the Mills 
ratio,O , is estimated and used to reduce bias in the regression (Table 5). However, the factors which are 
statistically significant in the second step are not the same as those in the first stage. This may mean that there 
are differences in the determinants of being a revolver and the amount of the outstanding balance. 
In the consumption needs, only age and housing condition are statistically significant. The relationship 
between age and the outstanding credit card balances is positive, which is also contrary with the results in US. 
This could be interesting. According to the dataset in this study, the average income between age 21-30 is 
4,910; age 31-40 is 7,560; age 41-50 is 9,150; older than 50 is 11,410. The revolvers with more income, higher 
consuming ability they could have. 
  Among the resource factors, income, education, industry and credit limit are statistically significant. 
Education has positive effect on outstanding balance, which is the same with US. A one-level increase in 
education increases the average amount of an outstanding credit card balance by CNY606. Industry is a factor 
with Chinese characteristics. The Chinese have a common idea that one has a job in government agency means 
he has a lifelong job. And secondly, if one works in a state run company, then the job is more stable than 
working in other kinds of companies. We find the factor industry has positive relationship with the outstanding 
credit card balances. Wang and Ren (2004) also find card users work in industry such as: bank, insurance and 
foreign-funded company, are more likely to overdraw. The two researches have similar result, meaning that 
when ones job is more stable, then he has less outstanding credit card balances.  
In the behavior factors, the average repayment amount and average cash advance amount are statistically 
significant. The higher average repayment amount, the less outstanding balances are. The average cash advance 
amount per time is positively related to the outstanding balance. We know that using credit card to get the cash 
should pay high service charges compare with other bank cards. Thus, the larger amount of cash advance from 
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revolver, the more eager his/her need money. This may mean that the financial situation of the revolver is not 
so good at this moment that he/she pay the debt less. 
Table 5.The Heckman Selection Model: Selectivity Corrected for the Outstanding Credit Card Balances (N=586) 
Variable Coefficient P 
Age 491.88 0.054 
Age squared -5.3129 0.079 
Marital status 178.2048 0.777 
Housing condition 568.0157 0.056 
Support population 201.4248 0.558 
Ln(Income) 172.5317 0.000 
Education 606.7692 0.057 
Industry 272.8561 0.014 
Credit limit 0.0988 0.000 
Ln(average repayment amount) -2084.531 0.000 
Ln(average consumption amount)  279.219 0.128 
Ln(average cash advance amount) 509.5315 0.000 
Delinquent times 394.7957 0.672 O  -0.8612 0.000 
8. Conclusions 
Using a dataset obtained from a bank in China, this study examines the factors affecting outstanding credit 
card balance among revolvers using Heckman two-step procedure. Three groups of factors are applied to the 
outstanding credit card balance: consumption needs, resources and behaviorǄ 
The unbalanced dataset in our study impels us to use undersampling method to rebalance the data. The 
balanced data results show that factors influence weather being a revolver and the outstanding credit card 
balances are dissimilar. Age has an opposite effect on Chinese credit card holders compare with US. Industry is 
a Chinese characteristic factor and the results show that cardholders work in government agency and the state 
run company may have less outstanding balance. There is a negative relationship between the average 
repayment amount and the amount of the outstanding credit card balance, but the average advance amount has 
a negative effect. 
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